Objective and methods: To investigate from the HERITAGE Family Study database, 13 steroid hormones (androstane-3a, 17b-diol glucuronide, androsterone glucuronide, cortisol, dehydroepiandrosterone (DHEA), DHEA ester (DHEAE), DHEA sulfate (DHEAS), dihydrotestosterone (DHT), estradiol, 17hydroxyprogesterone, progesterone, pregnenolone ester, sex hormone binding globulin (SHBG) and testosterone in each sex for their relationships with age, body mass index (BMI), race and key lifestyle variables. Sample sizes varied from 676 to 750 per hormone. Incremental regression methods were used to examine the contributions of the variables to steroid hormone variability. Results: Age was a major predictor for most steroid hormones. The greatest contribution of age was a negative relationship with DHEAS R 2 0X39X BMI was also associated with the variability of several steroid hormones, being the most important predictor of SHBG R 2 0X20 and of testosterone R 2 0X12 concentrations. When age and BMI were included, race still contributed significantly to the variations in cortisol (R 2 0X02 for men and 0.04 for women), DHT (R 2 0X02 for men and 0.03 for women), and progesterone (R 2 0X03 for women). Nevertheless, race appeared to be less important than age and BMI. In addition, lifestyle indicators (food and nutrient intakes, smoking and physical activity) influenced steroid hormone variability. Their contributions, however, were minor in most cases once age, BMI and race had been taken into account. Conclusions: We conclude that age was the most important factor, followed by BMI, race and lifestyle factors in explaining steroid hormone variability.
Introduction
The effects of age and sex on steroid hormone concentrations have been studied extensively. In most studies, age has not been associated with a major influence on basal cortisol concentrations (1±3). In contrast, some studies suggested both lower (4, 5) and higher (evening) (6) baseline cortisol concentrations in elderly compared with younger men, in addition to an age-related phase advance of the cortisol rhythm (7) in both men and women. Furthermore, greater total cortisol concentrations in elderly women than in men have been demonstrated (8) . It is commonly agreed that the concentrations of dehydroepiandrosterone (DHEA) and of its sulfated metabolite DHEAS, which is the most abundant circulating steroid, decrease with age (9) . The ratio of DHEA to DHEAS is greater in women than in men (9) . The decline of free, and a less consistent decline of total, testosterone concentrations with age are well established (10) , although research design affects the age±testosterone relationship (11) . Conversely, sex hormone-binding globulin (SHBG), the major serum carrier of testosterone, increases with age (10); body mass index (BMI), which correlates negatively with SHBG (12) , often increases also.
A few studies have explored the effect of race on steroid hormone variability. Differences in the hypo-thalamic±pituitary±adrenal axis between black and white individual have been suggested, although they are not reflected in cortisol plasma concentrations (13, 14) . In addition, lower plasma aldosterone (15) and renin activity have been reported, possibly attributable to lower potassium intake (16) in black populations compared with white groups. Likewise, there is evidence that black males have greater testosterone concentrations (17) .
In contrast, the relationship of lifestyle factors to steroid hormone variation is unclear, although cigarette smoking has been associated with increased concentrations of testosterone (12, 18, 19) and adrenal androgens (19±22) in some investigations. Dietary factors or physical activity level are not believed to be major determinants of adrenal steroid variability (17, 19) , although alcohol intake was associated with increased concentrations of some adrenal steroids in one study (19) . Little attention has been paid to this issue.
In the present study, the influences of age, BMI, race and lifestyle indicators (including food and nutrient intake, smoking and physical activity) on steroid hormone variability were examined in the baseline phase of the HERITAGE Family Study for male and female participants.
Methods
The HERITAGE Family Study is a multicenter study the specific aims, design, inclusion and exclusion criteria and methodology of which have been described elsewhere (23) . The study involved a total of 855 healthy individuals. Prescribed medication for a chronic condition was an exclusion criterion. The age range of the participants was from 17 to 65 years in both races and sexes. In the present study, an analysis was performed with baseline steroid data from 750 of the HERITAGE Family Study participants. Reasons for eliminating individuals from the analysis were the following: steroid results missing, menopausal status ambiguous, smoker status or other demographic information unavailable or missing data on food and nutrient intakes or physical activity.
The following steroid hormones were assayed: androstane-3a-, 17b-diol glucuronide (3aDIOL-G), androsterone glucuronide (ADT-G), cortisol, DHEA, DHEA ester (DHEAE), DHEAS, dihydrotestosterone (DHT), estradiol (E 2 ), 17-hydroxyprogesterone (OH-PROG), progesterone, pregnenolone ester (PREG-E), SHBG and testosterone. A total of 750 individuals were available for all the hormones, except for DHEA, DHEAE, progesterone and PREG-E, for which the sample size was 676.
Lifestyle measurements
At baseline, the participants completed a health habit questionnaire, the Willett Food Frequency (FFQ) inventory (24) (to assess smoking habits, the usual alcohol, food and nutrient intakes) and the ARIC-Baecke Physical Activity Questionnaire (to assess physical activity levels) (25) .
Steroid hormone assays
In the morning, after a 12-h fast, blood samples were obtained from an antecubital vein into vacutainer tubes with no anticoagulant, with participants in a semi-recumbent position. Samples were obtained twice at baseline and drawn at least 24 h apart. The present study was based on mean values from these two samples. For eumenorrheic women, all samples were obtained in the early follicular phase of the menstrual cycle. None of the women in the reproductive age had dramatically irregular menstrual cycles. Fasting serum was prepared according to a standard procedure. After centrifugation of blood at 2000 Â g for 15 min at 4 8C, two aliquots of 2 ml in cryogenic tubes were frozen at 280 8C until shipment within 1 month. Serum samples from the three USA HERITAGE Clinical Centers were shipped in the frozen state to the HERITAGE Steroid Core Laboratory in the Molecular Endocrinology Laboratory at the Laval University Medical Center in Quebec City.
For non-conjugated steroids, DHEA and testosterone were differentially extracted with hexane ethyl acetate, and DHT with petroleum ether (35±65 8C), respectively. In-house RIA was performed to measure these three steroids. Progesterone, OH-PROG, cortisol, E 2 and DHEAS were assayed directly using a commercially available kit (Diagnostic System Laboratories Inc., Webster, TX, USA). For glucuronide (ADT-G and 3aDIOL-G) and ester (DHEAE and PREG-E) conjugated steroids, ethanol extraction was performed, followed by C18 column chromatography (26) . Glucuronide conjugates were submitted to hydrolysis with b-glucuronidase (Sigma Co., St Louis, MO, USA). Fatty acid derivatives were submitted to saponification. Steroids from each fraction were further separated by elution on LH-20 columns. Steroid concentrations were measured by RIA (27) . SHBG was determined with an IRMAcount solid phase assay using iodine-125 (Diagnostic System Laboratories Inc., Webster, TX, USA).
Reproducibility of steroid hormone assays
The reliability of the steroid hormone assays was tested using the HERITAGE Family Study Intercenter Quality Control (ICC) samples (28, 29) . The steroid assays were repeated in 5% of the samples. Reliability coefficients for thirteen steroid hormones derived from these repeated assays on 35 participants are as follow: eight of the 13 steroid hormones had excellent assay reliabilities (0.81±0.98), in the remaining five (DHEA, DHEAE, DHT, PREG-E and progesterone), reliability values were only moderate (0.51±0.76).
Statistical methods
All independent variables used in the present study, along with their abbreviations, are listed in Table 1 .
Because the distribution of steroid hormones is generally considered to be logarithmically normal, all regression analyses were performed on log-transformed values. Data were analyzed separately for men and women. Pearson correlation coefficients between dependent and independent variables were also calculated. Statistical significance was set at three Bonferroni-corrected levels: P # 0X003Y 0X033 , P # 0X010 and 0X010 , P # 0X050X These values were chosen to correct for multiplicity of analysis on correlated variables.
Incremental R 2 evaluation
Models were tested by incremental R 2 methods (30, 31) . Using these methods, sets of nested models (models that contain increasingly larger sets of variables) can be easily compared. Rather than focusing on the coefficients and the significance of individual variables, emphasis is on the importance of the group of variables taken as a set. For instance, when the importance of variable A in explaining a dependent measure is examined, R 2 A measures variance accounted for by the variable. When another variable B is also of interest, R 2 AB for the combined regression indicates overall fit due to both variables. The incremental fit of A given B measures the amount of variance contributed by A and not B, and can be computed as R 2 
Results
General characteristics and lifestyle factors are shown in Table 2 , by sex and ethnic origin. Men consumed more calories and alcohol, had higher Baecke Work and Sports Indexes and were heavier than women. Black women were heavier than white women. In addition, black participants were younger than white participants. White individuals consumed more alcohol and caffeine and were more physically active than black individuals. Moreover, the proportion of calories from vegetable fat was greater in white individuals. Table 3 presents the mean concentrations of the steroid hormones by race and sex. Sex differences were 
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found for all hormones. Concentrations of some of the hormones (cortisol, DHT and OH-PROG) were consistently different between sexes and races: cortisol and OH-PROG concentrations were lower and DHT concentrations higher in black individuals than in white individuals. Black women had higher E 2 and lower SHBG and DHEA concentrations than white women. A number of hormones (ADT-G, DHEAE, DHEAS, 3aDIOL-G, progesterone and testosterone) did not show any differences between races. All steroid hormones showed significant negative correlations with age, except E 2 and SHBG ( Table 4 ). The strongest negative correlations for age were observed for DHEA, DHEAE and DHEAS. Some of the hormones (cortisol, DHEA, progesterone and SHBG) correlated negatively with BMI. Correlations between lifestyle factors and steroid hormones were also measured, but they were not generally high. Nevertheless, cigarette smoking correlated positively with DHEAS (Table 4 ) in both white and black individuals and in both sexes. This correlation persisted after adjustment for age and BMI. Menopause status correlated non-significantly with E 2 concentrations but, after adjustment for age and BMI, negative correlations P , 0X05 between menopause status and E 2 concentrations were observed among both black and white women (r 20X23 and 20.08 respectively).
Regression models for steroid hormones
Regression models for the 13 steroid hormones are presented in Table 5 . When the full model with all independent variables was considered (columnÀll' in Table 5 ), all were significant P # 0X003Y except for cortisol in men. When the individual effects of independent variables were considered, age was an important predictor for many of the steroid hormone variables ( Table 5 ). Age was significant P # 0X003 for 22 of the 26 cases. Race was significant in five and BMI in nine of the 26 cases. The set of lifestyle variables (food and nutrient intakes, smoking and physical activity) (column`Lifestyle factors') was significant P # 0X003 in 13 of the 26 cases. Various combinations of these variables were also examined ( Table 5 , columnsÀge+BMI',Àge+BMI+Race' andÀll'). The R 2 values of these combinations were sometimes larger than individual R 2 values, but in many cases the increase resulting from the inclusion of the additional variables was negligible.
The models containing increasingly larger sets of variables and incremental R 2 values are shown in Table  6 . ColumnÀge+BMI|Race' describes the additional information accounted for by age and BMI when race was already included in the model. In 24 of 26 cases, this variance was significant at the Bonfferonicorrected level of P # 0X003X However, the variance accounted for by race that was not accounted for by age and BMI (column`Race|Age+BMI') was significant P # 0X003 in only four of 26 cases. When the incremental contributions of race to the other sets of variables (age, BMI and lifestyle variables including food and nutrient intakes, smoking and physical activity) were examined, race remained significant P # 0X003 in two (DHT in women and progesterone in men) of the 26 cases. Thus, of the original five cases (cortisol, DHT and SHBG in women and progesterone in men and women) in which race was significant, other variables accounted for the race differences in three (cortisol, SHBG and progesterone in women) of these cases. There were only three hormones (cortisol, DHEAS and OH-PROG) in women for which the lifestyle variables accounted for important portions of variance not accounted for by age, BMI or race.
Discussion
The results of this study suggest that age accounts for a significant fraction of the variability of most plasma 
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steroid hormone concentrations. It was a strong predictor in 22 of 26 relationships, and a less significant predictor in two of the other four hormone concentrations. The greatest R 2 value (0.39) was for DHEAS, which showed a strong negative correlation with age, consistent with the findings of earlier studies (9) . It has been suggested that adrenal delta 5 steroid (DHEAS, OH-PREG, PREG) secretory capacity is significantly decreased in elderly persons (32) , perhaps caused by alterations in the zona reticularis of the adrenal cortex (33) . Similarly, the decline of testosterone with age observed in the present study is well established (10) . In contrast, aging has not been consistently associated with a major change in plasma cortisol concentrations, as age-related changes in cortisol metabolism (including a decrease in secretion rate coupled with a decrease in metabolic clearance) may compensate for each other (34) . Nonetheless, some earlier reports found decreasing cortisol concentrations with age in both sexes (35) and in men (4, 5) . In the current study, age was a significant predictor of cortisol concentrations only in women, in whom it correlated negatively with age.
BMI, which often increases with age, appears to account for a significant amount of the variance for most steroid hormones. This is not surprising, because the age-related increase in BMI is primarily related to body fat accretion and adipose tissue is an important site of steroid metabolism (36) . BMI was the most important predictor of both SHBG and testosterone and, in keeping with earlier data (12, 19) , SHBG correlated negatively with BMI. Indeed, excessive adiposity in men seems to have a key role in determining abnormalities of sex hormone metabolism (37) . The age-dependent increase in SHBG reported by others (10) was not observed in the present study. As BMI increases with aging, it may attenuate the expected increase in SHBG, resulting in a lack of correlation. For other steroid hormones, the R 2 values for the combination of age and BMI did not generally differ from those for age alone, indicating that BMI added very little to the variance accounted for by age.
Race represented only a minor component in the variability of most steroid hormones, with a few exceptions. For instance, race contributed significantly to the variances of progesterone and DHT, and marginally to the variance of cortisol, when the other independent variables were already taken into account. Consistent with earlier data (17) , DHT concentrations were found to be greater in black individuals in the present study. In contrast to recent work documenting greater testosterone concentrations in African-American men 40 years of age or younger (38) , total testosterone concentrations did not differ between the two races in our series. Cortisol concentrations were lower in our black participants than in the white ones; this is in line with results from a recent study (39) . However, when the other independent variables (age, BMI and lifestyle factors) were considered, evidence for a racial contribution to cortisol concentrations was less clear. Even though differences in the hypothalamic±pituitary±adrenal axis between black and white populations have been suggested (13, 14) , these differences have commonly not been reflected as alterations in cortisol secretion. It should be noted that the assessment of cortisol in the present study was performed at only one time point on two mornings, when the secretion of cortisol is usually greatest. Therefore, further research is needed, preferably based on repeated samplings over 24 h, to establish whether differences between white and black populations with respect to cortisol concentrations do indeed exist. Lifestyle factors, including smoking, diet and activity measures, were only weak predictors of steroid hormone variability. When lifestyle indicators were examined after age, BMI and race had been taken into account, they continued to add significantly to three (cortisol, DHEAS and OH-PROG in women) of the 26 relationships. However, the impact of lifestyle indicators diminished after age, BMI and race were taken into account. In previous studies, cigarette smoking has been associated with greater testosterone (12, 18, 19) and adrenal androgen concentrations (18±22). We found that, after adjustment for age and BMI, smoking correlated positively with DHEAS in both races and in both sexes. Even though data on the topic are limited, the other lifestyle factors have not been suggested to be major determinants of steroid hormone variability (17, 19) , although relationships between some dietary factors and steroid hormones have been suggested (19, 40±42) .
In conclusion, age accounted for a significant component of the variance for most steroid hormones. The greatest contribution of age was for DHEAS, with which it was negatively correlated. BMI was the most important predictor of SHBG and testosterone concentrations. Race contributed significantly to the variances of progesterone and DHT, and marginally to the variance of cortisol, when the other independent variables were taken into account. However, race appeared to be less important than age and BMI. Lifestyle indicators contributed only weakly to steroid hormone variability. (1) The additional information accounted for by age when race was already included in the mode.
(2) The additional information accounted for by race when age was already included in the model. 
